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ABSTRACT 

interferometers are widely used for measuring the pro^s 
The most sensitive of these i^^struments employ /^33°°Sr t;rtest sur'face^^^^^ the 
interfering beams being 'deflected from different a^^ xes^ these systems are 

interferometer insensitive to ''^p^<'^^^'^l^^l'lj\^ wavelength that can 

applied to the measurement of surface 'rougi^ess the radiation and the 

£eriri"a%?t«^e"of X%r^b\^ o^tics^Xe !U^t sTIa^vel^th depends upon 

the optical configuration of the interferometer. 

!■ INTRODUCTION 

TO meet a growing need for the non-dest^cti^^^ 
•super-smooth- surfaces in a wide ^ajiety of «PP-L^°|*^^^ Sfthese Instruments are 

have been developed over recent y^^'^f-^l^^^^l^^^rifl^^^ from different areas of 
• common-path i ipterferometers with the inte'Tfering oeams reiiecT. sensitivity to 

^SeS°?^'^U,Tn1:^feSiS'Ee^T. ^ThicTJiiLs^'S^-^ir? to the surface profile when the 
beams move across the surface. 

of traces obtained from a number of surfaces xnaw^^ 
system has a surface wavelength range from 0.5 to 15 »im. 

.Knr-i-oT- surface wavelengths both by using a 
The instrument has been used "^fJ^^^^l^^^'^roTa^t'^ operaltng the system in a 
microscope objective witg. V 20 pm^lamlter aperture in front of the 

confocal microscope ■^ei^tedTVet irpractice these modifications were 

photodetector. However it will be ^^^^^^^^^^^smai^a for the system. The instrument 

surfaces are described. 

, MEASUREMENT OF ^w. P.nPTI.ES OF '^ITPFP-SMOnTH' SILICA SURFACES 

. typical trace obtained -r^-^^};:- i^ro/'t^^Ts 'l^'f.^^^T ^Z'"^^ 

Sg^^-to^-rerr^tio^^oV^^^^^^^^ S.^^^^ ITs^l^r^- 

?ir?race where the specimen is being ^*=*"^!j^^"^_i'^JaSr^8ult from hysteresis in the 
The differences between the forward and ^^^^'^^J°^^If^^ wanning stage which also 
piezo-electric element driving the s^^p-hlnge Jf^f^c^^sition. The full scale 
introduces slight differences in the ^^/'^^ ^"fJ^'JhJ^i^ level or the 

SJil^^T I?ss*"4a^""01^ - '^^^^ "^^"'^"^ 
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variations in the surface height to this sensitivity it will be appreciated that this does 
not imply that the Instrument has an absolute vertical resolution of this scale as the 
trace displayed is an interferometrically obtained path difference between the averaged 
surface levels of a focused probe beam and defocussed reference beam« The information 
provided by the trace is dependent upon both the surface frequency range realised by these 
beams and the characteristics of the surface irregularities that give rise to the signal. 
Comparisons of measurements of the profile over a similar length of the surface with a 
modified mechanical stylus measuring system (Talystep) at the laboratory, realised 
agreements between values (the arithmetic mean of the departures of the roughness 
profile from the mean line) for the surface of the order of ± 10%, confirming that optical 
interferometery provides a valuable non-destructive qualitative assessment of the surface 
finish of * super-smooth * surfaces. 
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3> SYSTEM RESPONSE CHARACTERISTICS 

As mentioned in the previous section, the signal from interference prof ilometers Is a 
measurement of the optical path differences between a probe beam and a reference beam. 
Because this is performed interferometrically it is the amplitudes of the interfering 
beams which are of Importance. For the large defocussed reference beam variations in 
amplitude reflected from the iUuminated surface will be negligible in comparison with 
those of the focused probe beam. . 

The amplitude distribution of the probe will be that of Figure 3, the well-known Airy 
disc distribution due to diffraction by a circular aperture. The amplitude at a point P in 
the image plane is described by 



u(P) - 



23^ (Kr^ 



where u(P) = Amplitude function at point P 
Jj^(x) « Bessel function of first kind, order 1 « J 
X « ICrw 
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As can be seen from Figure 3 this involves distinct concentric rings in the amplitude, 
with differences in radii smaller than the radius of the central disc of the distribution. 
In practice on surfaces with certain roughness characteristics, this can lead to the 
system being responsive to surface wavelengths smaller than the effective diameter of the 
probe beam. Figure 4 shows a comparison of the Fourier transforms of the responses to a 
Zerpdur ring laser gyro mirror surface in conventional and confocal modes of operation. 

For a samples signal h(t) the DFT (Discrete Fourier Transform) H(f ) is defined as 



H ( ^ ) 



where 



T h (KT)e -2ninK 
K«0 



N s Total number of samples used from time domain 
T « width of each sample in time domain 
K = sample number in time domain 

n B sample number in frequency domain "0,1, N/2 

The factor of T is used to give agreement between the Fourier Transform and the DFT. 



Physical dimension = Optical units x wavelength 
' 2TrNA 



10 Optical 
units 
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The measurements were obtained by firstly scanning In a confocal .«^^^/®^?^thI 
the apodising aperture in order to scan across the Identical area on the surface of the 
Iptcl^n. Whin the NPL Instrument is fitted with a 0 5 NA objective ^"d^O pm diameter 
pinhole in front of the photodetector, the confocal aperture represents a Projected 
sSace area of less than 1 pm, removing- the pro»« amplitude variations greater than the 
central disc. Inspection of the two Fourier transform traces indicated a greater response 
to shorter surface wavelengths in the conventional mode of operation than 
one. The many differences between these traces highlight the «>«»Pl«»^*y 
syltem/sample Interaction in an interferometer of this type with a probe beam approaching 
the diffraction limit. 
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CONCLUSION 



The results of surface profile measurements of silica and Zerodur specimens have been 
^^^inf^ l'^ ^"i^?' °P,V*Jf mterferometry provides an extremely sensitive t^l for 

examining the profiles of polished surfaces. They have also indicated the care th^ mtiQ^ 
be taken in the interpretation of the measurements achieved using this techSlaue as thll 
are directly dependent upon both the energy distribution within ^hflnterlSiSS be^s Sd 
the characteristics of the surface roughness. j-oiing oeams ana 

It is worth noting that not only does the •common-path' design of these instrument.! 
be S^al^frhu^rn conditions enabling high- mlasuremeSt seJCf 

to be obtained but xn addition xt makes them simple to apply in practice. 
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